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Numerical research on infrared radiation characteristics and
infrared restraint of aero-engine

Liu Xiaoyu', Jiang Yong!, Li Zu? Chen Shiguo®, Mo Dongla*

(1. Engineering Institute of Aeronautics &Astronautic, Air Force Engineering University, Xi’an 710038, China;
2. PLA No0.95930 Troops, Jiuguan 735305, China)

Abstract: The flow field and infrared radiation in the 3-5 um model of an aero-engine exhaust system
was built with lobed mixer, afterburner and cone. The calculated model was examined using the aero-
engine ground infrared radiation characteristic test. The study of infrared radiation inhibitory schemes was
established using low emissivity coating, components cooling, either alone or mixed. The results show that
reducing the infrared emissivity of aero-engine wall restrains infrared radiation effectively in all directions
except 90°. With emissivity reduces by every 0.15, the infrared radiation of 0° could be reduced by
about 16% when all components are coated whereas the inhibitory effect improves about 14% when
partly coated. If the temperature of cone decreases by 300 K, the infrared radiation on 0°-15° is reduced
by 44%. If the temperature of divergent part of nozzle decreases by 25K, the signature at 50° reduces by
8%. If combining the two methods, the signature is reduced by 80% on 0°-5° and by 50% on 10°-40°.
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Along with the increasing angle of detection, the proportion of the solid radiation is found to be

declining, and the inhibitory effect is decreasing.
Key words: infrared radiation characteristics;
numerical simulation
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Fig.1 Sketch map of geometric model
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Fig.3 Direction distribution map of radiation
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Fig.4 Infrared characteristic of aero-engine
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Tab.1 Scheme of low emissivity coating

Engine component Scheme 1 Scheme 2 Scheme 3 Scheme 4 Scheme 5 Scheme 6
LP turbine 0.51 0.35 0.2 0.51 0.35 0.2
Outer culvert 0.51 0.35 0.2 Unchanged Unchanged Unchanged
Mixer 0.51 0.35 0.2 Unchanged Unchanged Unchanged
Flame stabilizer 0.51 0.35 0.2 0.51 0.35 0.2
Cone 0.51 0.35 0.2 0.51 0.35 0.2
Casing+ Convergent part of nozzle 0.51 0.35 0.2 Unchanged Unchanged Unchanged
Divergent part of nozzle 0.51 0.35 0.2 0.51 0.35 0.35
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spectrum radiation at 0°
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Fig.6 Distribution of different inhibitory schemes’ radiation
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Tab.2 Scheme of components cooling
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Tab.3 Scheme of two methods combined
Scheme 1 Scheme 2 Scheme 3
Engine component

Emissivity Cooling Emissivity Cooling Emissivity Cooling
LP turbine 0.2 Unchanged 0.2 Unchanged 0.2 Unchanged
Outer culvert 0.2 Unchanged 0.2 Unchanged 0.2 Unchanged
Mixer 0.2 Unchanged 0.2 Unchanged 0.2 Unchanged
Flame stabilizer 0.2 Unchanged 0.2 Unchanged 0.2 Unchanged

Cone 0.2 -400 K 0.2 -400K 0.2 -400 K
Casing+Convergent part of nozzle 0.2 Unchanged 0.2 Unchanged 0.2 Unchanged

Divergent part of nozzle 0.35 Unchanged 0.2 Unchanged 0.35 -100K

T

BT RAZE 20%, A 5T A AR 0.15, AR IR B T &

B e 077 11 LAV HUECRILTT 16% , 53 4534 B A 0
j:\ 50 &‘—“*{(’h\“\ RER L4%.
5 | R, (3) R FTRBAF VS H 7 52, vt HE UG IR 300 K,
| ~2) 0°~15° ] (4 SEHH0D A 15 2 4496 , (A1 H A5 1
ot Y VAR RN 0 5 OB Y B PR
T T T TLAR T 40°~70° 2 i), " BB UGBS A P A 25 K, 7E

Detection angle/{ )

P 11 AN [ v 50 7 40 i 0CR 9 = 1] 23 A

Fig.11 Distribution of different cooling schemes’ restraint effect
4% #

3 b ST AT DR B A R B R SRR R
GE i AR 3~5 wm B 2L AN SR B
BERY 58 BT 7 B BE 5% & s LY 21 A0 R
FRtE M e, FF AL K sh LT S0 5 5340 i 7 22 1)
AW, SEIZBIT .

(1) Z & B HLLL AP R 5 ZE BRI 7 5°~90° Fif X Jk
W, BEE i RE S8 R BN . Y 2R A /N T 3001
A SR v T AR A T O e RR, AE 0°~10°8T
rhC HE R T SR o, LU IR iR g | AR E A AL
[ RIS AE B AR B3 K, R SHLALIRE 5 M5 48 1 hy
SRR A ERAE, Y ERIM A KT 50° B WA T B 5T
TR 40 11 [T (A A

(2) WA RE THD 2 S AE e 40 W B 90° 41 i A1 U7 [
CLANRST o SRR IRE T %, 2 & %k 0.51 i),
FE 0°~10°Z [A] A4 il R BE SR 2 T 35% ., 4R 513N
0.2 i}, BB G 7 R AE 0°~5° AU K SR 5 230k

50° 7 [ fiE 7= A 8% 1AM il R

(4) MR IR A AT B, 7 0°~5°RENES
7= 80% Ay HI I AR . 7E 10°~40°7" A= 50% (1) #1 il
RO o Bl BRI A E— 2D R AR S T o8 LA T
B, SRR R A

SE

[1] Behrouzi P, McGuirk J J. Jet mixing enhancement using fluid
tabs[R]. AIAA 2004-2401, 2004.

[2] Deere K A, Asbury S C. Experimental and computational
investigation of a translation -throat single —expansion -ramp
nozzle[R]. NASA TP-2209138, 1999.

[3] Zzhang Bo, Ji Honghu, Zhang Zongbin, et al. Numerical
investigation of thermal radiation characteristics [J]. Journal
of Aerospace Power, 2012, 27(3): 560-565. (in Chinese)
sk, WHEWL, ok, AL O AV BRI A ks AR 2L A R
SR B A 1. A= 3 1Bk, 2012, 27(3):
560-565.

[4] Huang Wei, Ji Honghu, Si Ren, et al. Investigation of

infrared suppression of exhaust system by reducing surface

temperature and emissivity [J]. Journal of Propulsion, 2011,

32(4): 550-556. (in Chinese)

PDF #fi % ffi *'| "pdfFactory Pro" = 454 I www.pdffactory.com


http://www.pdffactory.com

2488 ash Gk TR % 43 %
WA, HUG, Wl A RRARER IR R AR S R HER [8] PhRiviere. An approximate data base of H,O infrared lines for
RGLAAMNES IBFFE[I]. HESEE R, 2011, 32(4): 550-556. high temperature applications at low resolution, statistical

[5] Shan Yong, Zhang Jingzhou, Shao Wanren, et al. narrow band model parameters [J]. Journal of Quantitative
Experiments on aerodynamic and infrared radiation Spectroscopy and Radiative Transfer, 1995, 53(2): 221-234.
characteristics of film -cooling center -body exhaust system [9] Shao Mingchun, Xu Guoyue, Shen Xingmei, et al. Study on
for a turbofan engine [J]. Journal of Aerospace Power, heat -resistant PbO coating with low emissivity in 3-5 pm
2012, 27(1): 9-16. (in Chinese) waveband [J]. Ordnance Material Science and Engineering,
oo, skaEE, BT, AR MR IHLHER RE DL HER 2009, 32(5): 15-17. (in Chinese)

PV H L5 4G 1) S RN ZL S G R M 523 [9]. M 3 s 2 BRI, REER, PR, 5. 3~5 wm P BUIK & B R &
%, 2012, 27(1): 9-16. & PbO ¥ B MBS [J]. fsph kbR 5 TR, 2009, 32(5):

[6] Erigitai, Wang Zhijie, Wu Shousheng. Preliminary 15-17.
experimental investigation on the divergent wall cooling of [10] Jiang Yong, Lin Jie. Influence of different cooling methods
two dimensional C -D nozzles at high speed and hot jet on core cooling effectiveness [J]. Journal of Air Force
conditions  [J]. Journal of Aerospace Power, 2002, 17(1): Engineering University, 2013, 14(5): 5-8. (in Chinese)
40-44. (in Chinese) TLH, MRS ASTRIVe 20 5 2CX0 v ¥ 20 2808 1 52 1 [J].
BHHKR, EEA, REE. @B AR AT ol 78 TR %24k, 2013, 14(5): 5-8.

WA Kk B RE DR H G w1 I 5T [J]. Wias 3 ), [11] Shan Yong, Zhang Jingzhou, Shao Wanren, et al.
2002, 17(1): 40-44. Experiments on aerodynamic and infrared radiation
[71 Chen Wei, Wang Zhongxian, Ma Donghui, et al. Calculation characteristics of film —cooling center -body exhaust system

and simulation of infrared radiation characteristics of non -
uniform hot gas [J]. Infrared and Laser Engineering, 2010,
39(1): 17-21. (in Chinese)

PRI, E Y, BARE, & RS RL S R I R
THE S5 B[], 404508 T2, 2010, 39(1): 17-21.

for a turbofan engine
2012, 27(1): 9-16. (in Chinese)

oo, skaE I, TS, A B RSP R e P O HER
JE V4 0 5 KA 14 B RN 21 S B R P 2 8 (3], i 3 4
%, 2012, 27(1): 9-16.

[J]. Journal of Aerospace Power,

PDF #% ffi ™' "pdfFactory Pro" & &4 # *F www.pdffactory.com



http://www.pdffactory.com

